Introduction
Consider a (p, q)-graph G(V, E) of order p and size q. Let g : E(G) → [1, q] be a bijective edge labeling that induces a vertex labeling g + : V (G) → N such that g + (v) = uv∈E(G) g (uv) . We say g is a local antimagic labeling of G if g + (u) = g + (v) for each uv ∈ E(G). Let χ la (G) be the local antimagic chromatic number of a connected graph G as defined in [1] .
Let f : V (G)∪E(G) → [1, p+q] be a bijective total labeling that induces a vertex labeling w :
and is called the weight of v for each vertex v ∈ V (G). We say f is a local antimagic total labeling of G (and G is local antimagic total) if w(u) = w(v) for each uv ∈ E(G). Clearly, w corresponds to a proper vertex coloring of G if each vertex v is assigned the color w(v). For a graph G that admits a local antimagic total labeling, the smallest number of distinct vertex weights induces by f is called the local antimagic total chromatic number of G, denoted χ lat (G). In this paper, we show that every graph G is local antimagic total. We then determine the exact value of χ lat (G) for some standard graphs G.
Let G ∨ H be the join of G and H with vertex set V (G) ∪ V (H) and edge set E(G) ∪ E(H) ∪ {uv : u ∈ V (G), v ∈ V (H)}. Let G + H be the disjoint union of G and H with vertex set V (G) ∪ V (H) and edge set
In what follows, we only consider nonempty graphs.
Theorem 2.1. Every graph G is local antimagic total.
Proof. It is obvious that each graph G of order n ≤ 3 are local antimagic total. We now assume G is of order n ≥ 4. Consider
In [5] , the author proved that every graph without isolated edges (by definition, necessarily without isolated vertices) admits a local antimagic labeling. Thus, let g be a local antimagic labeling of H. Define a total labeling f :
The following theorem follows from the definition directly.
The next theorem shows that χ lat (G) can be arbitrarily large for a graph G with small χ(G).
We now have w(u 1 ) = 4, w(u 2 ) = 5 and w(v i ) = i + 3. Thus, χ lat (G) ≤ 2 for n = 1, 2, and χ lat (G) ≤ n for n ≥ 3. By definition, χ lat (G) ≥ 2 and Theorem 2.3 implies that χ lat (G) ≥ n. So, the theorem holds.
Theorem 2.5. Suppose H = K 1 ∨ G with χ la (H) = c, then χ lat (G) ≤ c − 1 and the equality holds if χ(G) = c − 1.
Proof. From the proof of Theorem 2.1, we know that every local antimagic labeling of H that induces c distinct vertex labels corresponds to a local antimagic total labeling of G that induces c − 1 distinct vertex weights. Since χ la (H) = c, we have
Theorem 2.6. For n ≥ 3,
Proof. It is obvious that χ lat (C 3 ) = 3. Assume n ≥ 4. In [1, 6] , the authors showed that
by Theorem 2.5, the theorem holds.
Theorem 2.7. For even n ≥ 2, χ lat (P n ) = 2.
Proof. Obviously χ lat (P 2 ) = 2. Assume n ≥ 4 is even. Observe that by Theorem 2.5 and the local antimagic labeling of W n obtained in [1, 6] , we can get a local antimagic total labeling of C n with an edge labeled 1. Since C n is regular, we can delete this edge and reduce all other labels by 1. Consequently, we get a path P n that admits a local antimagic total labeling that induces exactly 2 distinct vertex labels. Since 2 = χ(P n ) ≤ χ lat (P n ) ≤ 2, we have χ lat (P n ) = 2.
Assume n ≥ 3 is odd. Let
We now label the vertices and edges of P n in the sequence v 1 , e 1 , v 2 , e 2 , . . . , v n−1 , e n−1 , v n . The labeling sequences 1, 5, 3, 4, 2; 1, 9, 7, 3, 2, 5, 8, 6, 4 and 13, 6, 4, 10, 1, 8, 9, 3, 5, 11, 2, 7, 12 show that χ lat (P n ) = 2 for n = 3, 5, 7 respectively.
In [8, Theorem 3 .9], the authors proved that for n, m ≥ 3,
with an edge of C n is labeled by 1. By Theorem 2.5, we conclude that
In [8, Theorem 3.3] , the authors proved that χ la (O 2 ∨ C n ) = 3 with an edge of C n has label 1. Applying the labeling approach in the proof of Theorem 2.1 and by labeling the central vertex of W n thus obtained by 2n + 1, we now get a W n that admits a local antimagic total labeling that induces 3 distinct vertex weights. Thus, χ lat (W n ) = 3 for even n.
In [7] , the authors proved that χ la (K 1,q,r ) = 3 if (i) q = 1; or (ii) q ≡ r (mod 2) and 2 ≤ q < r; or (iii) q ≡ r (mod 2).
Since W 4 ∼ = K 1,2,2 , by Theorem 2.5, we conclude that χ lat (K p,q ) = 2 if (i) p = 1; or (ii) p = q = 2; or (iii) p ≡ q (mod 2) and 2 ≤ p < q; or (iv) p ≡ q (mod 2).
